Wepreviously reported that a 7.6-kb DNAfragment from Streptomyces kasugaensis M338-M1 , a kasugamycin (KSM) producer, included KSMacetyltransferase gene (kac33S) and some other genes possibly involved in KSMbiosynthesis. As an extension of that study, a 10-kb Sacl-Kpnl DNAfragment, located 5~15-kb upstream of kac?3%, was cloned and a 4.2-kb SaclEcoRl fragment there from was sequenced, revealing one incomplete (designated ORFJ) and three complete open reading frames (designated kasK, kasL and kasM). The coding frames of kasK, L and Moverlap one another with terminator/initiator ATGAsequence. RT-PCRanalysis of a DNAregion including kasKLMindicated the presence of one transcript that is long enough to span the three genes. The kasK gene potentially encodes an ATP-binding protein of the ATPbinding cassette (ABC) transporter super family. Homology search for the deduced KasK protein shows similarity to other ABCtransporters involved in self-resistance of a mithramycin and possibly doxorubicin producer strain. The kasL and kasM genes encode different integral membraneproteins, both having six putative transmembrane helices. Anexpression plasmid for kasKLM(pTV^KLM) was constructed and these genes were expressed in E. coli JM109, which had been sensitive to KSM.The transformant acquired resistance to KSM,suggesting that KasK, L and Mproteins as a set in S. kasugaensis M338-M1pump out KSMto protect the producer from its toxic metabolite.
Organisms producing potentially autotoxic antibiotics possess basically three types of self-resistance mechanisms to avoid suicide: (1) modification of the target site that the antibiotic acts on, (2) intracellular inactivation of the antibiotic and (3) exclusion of the antibiotic from the cell1T he last resistance mechanism is designated "membraneassociated system" consisting of two classes. In one class, resistance is mediated by membrane proteins, which are believed to energize export of antibiotic molecules by proton-dependent transmembrane electrochemical gradients. The other class belongs to the ABCtransporter containing chloramphenicol (12^g/ml) and streptomycin (50jag/ml).
E. coli DH5a and JM109 transformants were grown at 37°C in YT medium containing ampicillin (lOO^g/ml).
Cloning and Sequencing Isolation of genomic DNAfrom S. kasugaensis M338-Ml was conducted as described previously15). The E. coli TH2/PKF3 cloning system was used to clone PSKE4 and 5.
The cloned DNAregion (4.2-kb SacI-EcoW fragment) was digested with appropriate restriction endonucleases, and the fragments were subcloned into pUC118 (pKS15, 22-25, Nucleotide Sequence Accession Number
The nucleotide sequence data reported in this paper will appear in the DDBJ, EMBL and GenBank nucleotide sequence databases with the accession number AB033992. and IXLA PCR buffer. The PCR involved 30 cycles of denaturation (30 seconds at 97°C), annealing (1 minute at 65°C) and extension (1 minute at 72°C). Control amplification using equivalent amounts of RNA that had not been incubated with reverse transcriptase was conducted to confirm that genomic DNA was not contributing to the PCR amplification. The RT-PCR products were electrophoresed on a 0.6% agarose gel and visualized using ethidium bromide staining (Fig. 4B ). PKF 3 derivative incorporating 8.4-kb Kpnl fragment from S. kasugaensis M338-M1. 10.6-kb. SKE 5 | j)KF 3 derivative incorporating 5.5-kb Sad fragment from S. kasugaensis M338-M1. 7.7-kb. pUC118 derivative containing 718 bp Kpnl-EcoRl fragment from PSKE 5. 3.9-kb. pUCl18 derivative containing 577 bp Sacl-Smal fragment from PSKE 5. 3.7-kb. pUC118 derivative containing 1135 bp Smal-EcoKl fragment from PSKE 5. 4.3-kb. The 2.5-kb EcoRl fragment from PSKE 5 (Fig. 1) Fig. 5 ). The orientation of the inserted fragment was confirmed by sequence analysis.
Confirmation of Separate Translation of KasK, L and M Proteins To confirm separate translational initiation of KasK, L and Mproteins, PTV-KLM was modified to encode a fusion protein consisting of a short TV-terminal peptide of either KasK, L or M and /3-galactosidase a peptide (Fig. 5) . To produce these derivatives, for example, a DNAregion of nt ( Fig. 2) , encoding the TV terminal region of
KasK, was PCR-amplified using as primers 5'-ORF K Fig. 5 ).
/3-Galactosidase Assay E. coli JM109 transformants were cultured as described above. The expression of fused j8-galactosidase genes was induced with 1 mMisopropylthiogalactopyranoside (IPTG) when the cell density reached 0.8-1.0 (OD660). The cells were collected by centrifugation for 5 minutes at 5,000Xg, resuspended in 5ml of PBS and disrupted by sonication. The lysates were centrifuged for 5 minutes at 5,000Xg to remove the cell debris. To measure the /3-galactosidase activity of the fused proteins, 70^1 of 4mg/ml onitrophenyl-/3-D-galactopyranoside and 200 jA of PBS were added to the cell lysate (30^1). The reaction was carried out for 30 minutes at 37°C and stopped by the addition of 0.5 ml of 1 msodium carbonate. The absorbance at 420nm by released o-nitrophenol was read.
Induction ofKSMresistance in E. coli JM109 E. coll JM109 carrying pTV118N.br PTV-KLM was grown at 37°C in YT medium containing ampicillin (100jUg/ml) under shaking. Growth was monitored by reading OD660 of the cultures. When the OD660 reached 0.5-0.7, 0.2mM IPTG was added to the cultures and cultivation was continued at 37°C for 3 hours. Twenty ji\ portions of the cultures were inoculated into culture tubes containing 2 ml of YT medium with ampicillin (lOO^ug/ml) and KSM(200 jUg/ml) and the growth was monitored by reading OD660 of the cultures at 37°C for 42 hours (Fig. 6 ).
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Results Cloning and Sequence Analysis An 8.4-kb Kpnl fragment from S. kasugaensis M338-M1 chromosomewas cloned using as a probe the 850bp PstlKpnl fragment from PSKE2. The resultant recombinant plasmid was designated PSKE 4. A 5.5-kb Sad fragment from S. kasugaensis M338-M1 chromosome was also cloned using as a probe the 594bp Kpnl-Sphl fragment from PSKE4. The plasmid was named PSKE 5 (Fig. 1) . We sequenced the 4236bp SacI-EcoRI DNAregion from PSKE 5 (Fig. 1) . The GCcontent of the region was calculated to be 67.7% from the sequence. Open reading frames (ORFs)
were searched for based on the codon usage and third codon position bias which are characteristic of Streptomyces genes18). Within this region we recognized four ORFs, i.e. ORF J, kasK, kasL and kasM, though ORF J was incomplete. All these ORFsrun in the same direction (Fig. 1 ). There were inverted repeat sequences downstream of a homology search using the FASTA and BLAST program. The deduced amino acid sequence of KasK showed 39% similarity with DrrA3) protein which is responsible for self-resistance of S. peucetius to its own toxic metabolites, daunorubicin and doxorubicin. KasK was found to be similar to some other ATP-binding proteins; (Fig. 2) . The kasL and kasM encode proteins (KasL and KasM) containing 257 and 240 amino acids, with molecular masses of 27,497 and 26,431 Da and with pi's of 8.2 and 9.56, respectively. Kyte-Doolittle analysis of these putative proteins indicate that the two proteins would be extremely hydrophobic and both contain six transmembrane helices, therefore, would cross the cell membranesix times (Fig. 3) . The deduced amino acid sequence of KasL showed 33% similarity with NodJ25) from Rhizobium leguminosarum and 31% similarity with MtrB4) from S. argillaceus.
Comparison of KasMwith other proteins also revealed 30% similarity with NodJ25) from Rhizobium leguminosarum. These known proteins are membranespanning subunits in support of the above described ATPbinding subunits to form each transporter system.
Detection ofmRNAof kasK, L and Mby RT-PCR
We expect that kasK, L and Mare transcribed into a polycistronic mRNA because these coding regions overlap primer, was used as the template for PCR, a product with the expected length was amplified (Fig. 4B, 2643bp fragment, Lane 2). This result suggests that kasK, L and M are transcribed as a polycistronic mRNA. The control run of PCRusing equivalent amounts of RNAthat had not been incubated with reverse transcriptase did not give any amplified product (Fig. 4B, Lane 3) 2486 GGGGGand nt 3257 GGTGA (Fig. 2 ) might function as RBSfor kasL and M, respectively. E. coli transformants harboring these plasmids showed /J-galactosidase activity when induced with IPTG (Table 2) /ml) (Fig. 6) Fig. 4B , we proved that the kasK, L and Mgenes were transcribed in a polycistronic mRNA. Studies are in progress to elucidate how the initiation of the transcription is controlled.
As shown in Fig. 6 
